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I 
FERTILE TRANSGENIC CORN PLANTS 


This application is a division of U.S. patent application 
Ser. Na. 08/677,695, filed Jul. 10, 1996, which is a continu- 
ation of U.S. patent application Ser No. 07/974,379, filed 
Nov. 10, 1992, nuw U.S. Pat. No. 5,538,877, which in turn 
is a continuation of U.S patent application Scr. No. 07/467, 
983, filed Jun. 22, 1990, now ebandoned. 


BACKGROUND OF THE INVENTION 


This invention relates to fertile transgenic plaois of the 
species Zea mays (ofientimes referred to hercin as maize or 
corn). The invention further relates lo produciag transgenic 
plants via particle bombardment and subsequent selection 
techniques which have been found to produce ferte frans- 
genic plants. 

Genetic engineering of plants, which entails the isolation 
and manipulation of genetic material (usually in the form of 
DNA or RNA) and the subsequent introduction of that 
genetic material into a plant or plant cells, offers consider- 
able promise to modern agriculture and plant breeding 
Increased crop food values, higher vields, feed value, 
reduced production casts, pest resistance, Stress tolerance, 
drought resistance, the production of pharmaceuticals, 
chemicals and biological molecules as well as olher benefi- 
cial traits are all potentially achievable through genetic 
copineering techniques. Once a gene has been identified, 
cloned, and engineered, it is still aecessary to introduce i! 
into a plant of interest im such a mauner that the resulting 
plant is both fertile and capable of passing the gene on to its 
progeoy. 

A variety of methods have been developed and are 
currently available for the transformation of vanous plants 
and plant cells with DNA. Generally these plants have been 
dicotyledonous, and some success has been reported with 
cerlain of the monocotyledonous cereals. However, some 
species have herefofore proven untransformable by any 
method. Thus, previous to this discovery, no technology had 
been developed which would permit the production of stably 
transformed Zea mays plants in which the transforming 
DNA is hentable thereof, This failure io the art is well 
documented in the litcrature and has becn discussed in a 
number of recent reviews (Polrykus, 1989; Weising ct al., 
1988; Cocking ef al., 1987). 

European Patent Publns. 270,356 (McCabe ct al.) and 
275,069 (Arnizen et al.) describe the introduction of DNA 
into maize policn followed by pollination of maize cars and 
formation of seeds. The plants germinated from these seeds 
arc alleged to contain the introduced DNA, but there is a0 
suggeslion that the introduced DNA was heritable, as has 
been accomplished in the present invention. Only if the 
DNA introduced into the corn is heritable can tbe corn be 
used in breeding programs as required for successful com- 
merciahzation of transgenic com. 

Graves ef al. (1986) claims Acrobacterium-mediated 
transformation of Zea mays seedlings. The alleged evidence 
was based upon assays knows to produce incorrect results. 

Despile extensive efforts to produce fertile transformed 
comm plants which transmit the transforming DNA to 
progeny, there have been no reported successes. Many 
previous failures have been based upoo gene transfer to 
maize protoplasts, ofientimes derived from callus, liquid 
suspension culture cells, or otber maize cells using a variety 
of transformation techniques. Although several of the tech- 
niques have resulted in successful transformation of corn 
cells, the resulting cells either could not be regenerated into 


i 
& 


24 


fod 
Lr 


tz 
wa 


45 


55 


65 


2 


corn plants or the corn plants produced were slerile (Rhodes 
et al. 1988) or, in some cases, it even turned out that the 
plants were in fact not transformed. Thus, while maize 
pioloplasis and some other cells have previously been 
transformed, the resulting transformants could not be regen- 
erated into fertile jransgenic plants. 

On the ather hand, it has been known that af feast certain 
corn callus can be repeneraled to form mature plants in a 
rather straightforward fashion and that the resulting plants 
were often fertile. However, no stable transformation of 
maize callus was ever achieved, ie. there were no lech- 
nigucs developed which would permit a successful stable 
transformation of a regenerable callus. An example of a 
maize callus transformation technique which has been tricd 
is the use of Agrobacterium mediated transfer. 

The art was thus faced with a dilemma. While it was 
known that corn protoplast and suspension culturc cells 
could be transformed, no techniques were available which 
would regenerate the transformed protoplast into a fertile 
plant. While it was known that corn callus could be repen- 
crated into a fertile plant. there were no technigucs known 
which could transform the callus, particularly while not 
destroying the ability of the callus both to regenerate and to 
form fertile plants. 

Receotly, a new transformation technique has becn cre- 
ated based upon-the bombardment of intact cells and tissucs 
with DNA-coaled microprojectiles. The technique, dis- 
closed in Sanford ct al. (1987) as weil as in EPO Patent 
Publication 331,855 of J.C. Sanford ef al. based upon U.S. 
Ser. No. 161,807, filed Feb. 29, 1988, has been shown 
effective at producing transient gene expression in some 
plant cells and tissues including those from onion, maize 
(Klein ef al. 1988a), tobacco, rice, wheal, and soybean, and 
stuble expression has been obtained in tobacco and soy- 
beans. In fact, stable expression bas been obtained by 
bumbardment of suspension cultures of Zea mays Black 
Mexican Sweet (Klein ef al. 1989) which cultures are, 
however, non-regenerable suspension culture cells, not the 
callus culture cells used in the process of the prescul 
invention. 

No protocols have been published describing the intro- 
duction of DNA by a bombardment technique into cultures 
of regenerable maize cells of any type. No stable expression 
of a gene bas been reporied by means of bombardment of 
corn callus followed by regeneration of fertile plants and no 
regenerable fertile corn has resulted from DNA-couted 
microprojectile bombardment of the suspension cullures. 
Thus, tbe art has failed to produce fertile transformed corn 
plants herctofore. 

A further stumbling block to the successful production of 
ferlile franspenic maize plants has been in selecting those 
few transformants in such a manner that neither the regen- 
eration capacity nor the fertility of the regenerated transfor- 
mani are destroyed. Due to the generally low level of 
transformants produced by a transformation technique, the 
need for selection of the transformants is self-evident. 
However, selection penerally entails the use of some toxic 
apent, ¢ g. herbicide or antibiotic, which can effect cither the 
regencrability or the resullant plant fertility. 

it is thus an object of the present Invention to produce 
fertile. stably transgenic, Zea mays plants and seeds which 
transmit the introduced gene to progeny Itis a further object 
to produce such stably transgenic plants and seeds by a 
particle bombardment and selection process which results in 
a high level of viability for a few transformed cells. It is a 
further object to produce fertile stably transgenic plants of 
other graminaceous cereals besides maize. 
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SUMMARY OF THE INVENTION 


The present invention relates to fertile transgenic Zea 
mays plants containing heterologous DNA, preferably chro- 
mosomally integraled heterolagous DNA, which is heritable 
by progeny thereof. 

The invention further relates to all products derived from 
transgenic Zea mays plants, plant cells, plant parts, and 
seeds. 

Jbe invention further relates to transgenic Zea mays seeds 
stably containing beterologous DNA and progeny which 
inherit the heterologous DNA 

The invention further relates lo a process for producing 
fertile transcenic Zea mays plants containing belerologous 
DNA. The process is based upon microprojectile 
bombardment, selection, and plant regencration techniqucs. 

The invention further relates to a process for producing 
fertile iransformed plants of graminaceous plants other than 
Zea mays which have not been reliably transformed by 
traditional methods such as electroporation, Afrobacterium, 
injection, and previous ballistic techniques. 

The invention further relates to regenerated ferlile mature 
maize plants fromm transformed embryogenic tissue, trans- 
genic seeds produced therefrom, and RI and subsequent 
generations. 
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In preferred embodiments, this invention produces the 
fertile transgenic piants by means of a DNA-coated micro- 
projectile bombardment of clumps of friable embryogenic 
callus, followed by a controlled regimen for selection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1A shows a map of plasmid vector pHYGI1 utilized 
in Example | 

FIG. 1B shows the relevant part of pHYGI] encompass- 
ing the HPT coding sequence and associated regulatory 
elements. The base pair numbers start from the 5' nucleotide 
in the recounilion sequence for the indicated restriction 
enzymes, beginning with the EcoRI site at the 5 end of the 
CaMV 35S promoter. 

FIG. 2 shows a map of plasmid vector pBH221 utilized tn 
Example 1. 


FIG. 3 is a Southern blot of DNA isolated from the PH] 
callus line and an untransformed contro} callus line. 


FIG. 4 is a Souther blot of leaf DNA isolated from Ro 
plants regencrated from PHI and untransformed callus. 


FIG. 5 is a Southern blot of leaf DNA isolated fram R1 
progeny of PH1 Ro plants and untransformed Ro plaats. 

FIG. 6 is a Southern bint of DNA isolated from the PH2 
callus Hine and an untransformed control callus line. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


Vhe present invention is directed to the production of 
fertile transgenic plants aod seeds of the species Zea mays 
and to the plaats, plant tissues, and seeds derived from such 
transgenic plants, as well as the subsequent progeny and 
products derived therefrom. The transgenic plasts produced 
herein include all plants of this species, including field corn, 
popcorn, sweet corn, flint corn and dent corn, 

“Transgenic” is used herein to isclude any cell, ce} line, 
caljus, tissue, plant part or plant which contains heterclo- 
gous DNA that was introduced into plant material by a 
process of genetic cngincering, or which was initially intro- 
duced into @ plant species by such a process and was 
subsequently transferred to later generations by sexual or 
asexual ce}} crosses or cell divisions. 

By “heritable” is meant that the DNA is capable of 
transmission through a complete sexual cycle of a plant, ie. 
passed from one plant through its gametes to ils progeny 
plants in the same manner as occurs in normal corn. 

The transgenic planis of this invention may be produced 
by (i) establishing friable embryogenic callus from the plant! 
lo be transformed, (ii) transforming said cell ine by a 
microprojectile bombardment technique, (i) controllably 
identifying or selecting transformed cells, and (iv) regener- 
ating fertile transgenic plants from the transformed cells. 


s Some of the plants of this invention may be produced from 


the lragsgenic seed produced from the fertile transgenic 
plants using conventional crossbreeding techniques to 
develop commercial hybrid seed containing heterologous 
DNA. 
1 Plant Lines and Tissue Cultures 

The cells which have been found useful to produce the 
fertile transgenic maize plants herein are those callus cells 
which are regenerable, both before and after undergoing a 
selection regimen as detailed further below. Generally, these 
cells will be derived from meristernatic tssue which contain 
eclis which have not yet terminally differentiated. Such 
tissue in graminaceous cereals in general and tn maize, in 
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particular, comprise tissues found in juvenile leaf basal 
recions, immature tassels, immature embryos, and coleop- 
tilar nodes. Preferably, immature embryos are used. Meth- 
ods of preparing and maintaining callus from such tissue and 
plant types are wel] known in the art and details on so doing 
are available in the literature, cf. Phillips et al. (1988), the 
disclosure of which ts hereby incarporated by reference. 

The specific callus used must be able to regenerate into a 
fertile plant. The specific regeneration capacity of particular 
callus is important to the suecess of the bombardment/ 
sclection process used herein because during and following 
selection, regeneration capacity may decrease significantly. 
ft is therefore important {o start with cultures that have as 
hish a degree of regeneration capacity as possible. Callus 
which is more than about 3 months and up to about 36 
months of age bas been found to bave a sufficiently high 
jevel of regencrability aod thus is currently preferred. The 
regenerative capacity of a particular culture may be readily 
determined by transferring samples thereof to regeneration 
medium and monitoring the formution of shvots, roots, and 
plantlets The relative sumber of plantlets arising per Petri 
dish or per ram Fresh weight of tissue may be used as a 
rough quantitative estimate of regeneration capacity. 
Generally, a culture which will produce at least one plant per 
gram of callus Ussuce will be preferred. 

While maize callus cultures can he initiaied from a 
number of different plant lissues, the cultures useful herein 
are preferably derived from immature maize embryos which 
are removed from the keroels of an car when the embryos 
are about 1~3 mm in leneth. This length generally occurs 
about 9~14 days after pollination. Under aseptic conditions, 
the embryos are placed an conventional solid media with the 
embrvo axis down (scutcllum up). Callus tissue appears 
from the scutellum after several days !o a few weeks. Afler 
the callus has grown sufficiently, the cell proliferations from 
the scutelum may be evaluated for friable consistency and 
the presence of well-defined embryos. By “friable consis- 
tency” is meant that the tissue is casily dispersed without 
causing injury to the cells. Tissue with this morphology is 
then transferred to fresh media and subcultured on a routine 
basis about every two weeks 

The callus initiation media is solid because callus cannot 
be readily iniliated in Hquid medium. The initiation/ 
maintainence cocdia is typically based on the N6 salts of Chu 
ct al. (1975) as described in Armstrong et al. (1985) or the 
MS salts of Murashige et al. (1962). The basal medium ts 
supplemented with sucrose and 2,4-dichlorophenoxyacctic 
acid (2,4-D). Supplements such as L-proline and casein 
hydrolysate have been found to improve the frequency of 
initiation of callus cultures, morphology, and growth. The 
cultures are generally maintained in the dark, though low 
light levels may also be used. The Ievel of synthetic hormone 
2,4-D, necessary for maintainence and propagation, should 
be generally about 03 to 30 mg/l. 
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AHhough successful transformation and regencration has 
been accomplished hereia with friable embryogenic callus, 
this is not meant 10 imply that other transformable regener- 
able cells, lissue, or organs cannot be employed to produce 
ihe fertile transgenic plants of this invention. The only actual 
requirement for the cells which are transformed is that after 
iransformation they must be capable of regeneration of a 
plant containing the heterologous DNA following the par- 
licular selection or screening procedure actually used. 

Hf. DNA Used for Transformation 

The heterolopous DNA used for transformation herein 
may be circular or linear, double-stranded ar single- 
stranded. Generally, the DNA is in the form of a plasmid and 
coniains coding regions of beneficial heterologous DNA 
with flanking regulatory sequences which serve to promote 
the expression of the heterologous DNA present in the 
resultant corm plant.‘ Heterologous DNA” is used herein to 
include all syathctically engincered or biologically derived 
DNA which is introduced into a plant by man by genetic 
engineering, including but not limited to, non-plant genes, 
modified genes, synthetic genes, portions of zenes, as well 
as DNA and genes from maize and other plant species. 

The compositions of asd methods for constructing heter- 
ologous DNA for successful transformations of plants is 
well knows to those skvled in the art, and the same 
compositions and methods of construction may be utilized to 
produce the heterologous DNA useful herein. The specific 
composition of the DNA is not central fo the present 
invention and the invention is not dependent upon the 
composition of the specific transforming DNA used. weising 
ct al. (1988), the subject matler of which is incorporated 
hercin by reference, describes suitable DNA componcnis 
thereof which include promoters, polyadenylation 
sequences, selectable marker genes, reporter genes, 
enhancers, introns, and the like, as well as provides suitable 
references for compositions thereof, Sambrook et al. (1989) 
provides suitable methods of constnuction.. 

Generally the heterologous DNA will be relatively small, 
i¢. less than about 30 kb to minimize any susceptibility to 
physical, chemical, or enzymatic degradation which is 
known {o increase as the size of the DNA increases. 

Suilable beterologous DNA for use herein includes all 
DNA which will provide for, or enhance. a beneficial feature 
of the resultant transgenic cora plant. For example, the DNA 
may encode proteins or antisense RNA transcripts in order 
to promote increased food values, higher yields, pest 
resistance, disease resistance, and the like. For example, a 
bacterial dap A gene for increased lysine; Bt-endotoxin pene 
or protease inhibitor for inseci resistance; bacterial ESPS 
synthase for resistance to glyphosate herbicide; chitinase or 
glucan endo-1,3-B-glucosidase for fungicidal properties 
Also, the DNA may be introduced to act as @ genctic loo} fo 
generale mutants and/or assist in the identification, genetic 
tagging, or isolation of segments of com DNA. Additional 
examples may be found in Table 1: 


TABLE 1 


Exkaryotic penes transfered to hipher plants 


Osivin of gene Trunsfersed constructs 


Antmals 


Drosophiis heat shock pene 
hsp 70 
Drosophila cupia clement LTR 


& hsp7G/opth3" ocs 


So geprlisfant 


Transformed species Mods of foreign gene expression 


lobseco {plants jumors} + fempcralure-dependent and organ: 
specific 
tice, whet and soryhim 


(protopinsts) 


(-} irtnsicnt, hut strong 
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Origin of pene 


Eukaryotic renes irantferred to higher plants 


Jronsferred constructs 


Transformed species 


Mode of foreign gene expressing 





hrefy luciferase pene 


Rebbil f-plobin pene 
Human a-plobin gene 
Chicken a-actin gene 
Chicken cyalbumin gene 
Mouse metallothionein 
gene (mm!) 


Mouse dihydrofolate reductase 


gene (DEFR) 
Human prowlh hormone 
pene {heh) 


SV40 casly gencs 


HSV ibymidinc kinase 
gene (tk) 
Adcnovinss type 5 ELA gene 


Yeast 


Yeast ADH 
Phant virus 


cDNA encoding TMV coat 
pratzin (tobacco mosnic 
virus} 

cDNA encoding AMV coat 
protein (alfalfa mosaic 
virus) 

cDNA enending A- and B- 
component of ‘FOMV 
fiomate golden mosuiz 
virus) 

cDNA encoding CMV 
(cucumber mosaic virus) 
satellite RNA 

Planis 


Bean phaseolin pene 


Bean phytohemagpiutinin-L 
gens (PHA-L} 

Soybean BP conglycinin acne 
for subunit) 


Soybenn f-conplycinin gene 
(fi subuail) 
Polato patatin gene 


Muize zsin gene 


Wheat glulenin genes 


S CaMV 35Sfluciferase 
cDNA/ nos 

S CaMV 19S/ucilerase 
cDNA/3 nos 

5 deletion scrics 
genomic 

5S" sosi/a-piobin 
genomic 

genomic 

5" mmt/cat 


S CaMy¥ 35S;DHFR-cDNAS 
3X nos 
& CaMV 35S sigh 


S nasf/hpb/3" nos 
S CaMV 35SshpWhph 3 


S SVA4heat 
5S CaMV 35S/cav3 SV40 


+ HSV /tkcat 


3 CaMV 35S/ELA/ 
X ELA/3 rbcS 


genomic 


S CaMV 35S/TMIVeDNA/ 
3 nes 


5‘ CaMV 19S/AMVcDNA 
53 CaMV ISS/AMVcDNA/ 
3° nos. 

stpatate imnsformation with 
etiher A- or B-componcnt 
via aproinfection 


S CaMV 35S/CMVcDNA/ 
J nos 


S ossfphoscolin peromic 
genomic 


S* phaseolin/phaseolin- 
CONA/3 phascolin 

S phustolin/maize zein/ 
3 phascotia 

fenomic 


genomic 

5 dctelion series 

5° CaMV 35S or 195) 
conglycinin/3* nos 
genomic 


3 patatinfeat/3" nos 
S$" ST-LS lipalatin/3’ patativ 


genomic 
S phaseolin/zeia/3’ chaseolin 


5 pluteninical3 sos 


tobacco (piants} 
carrot {protopiasts} 


tobacco (tumurs) 
tobacco (plants) 
tobacco (Sumors) 
lobacce (tumor) 
tohscce (tumors) 
Petunia (piants} 
tubaceo (plunts, fumors) 
lobacco aad sunflower 
(tumors) 

lobazco (plants) 


lahacee (rumors) 
lobacco {plants} 


tohacce (tumors) 


lobacce (plants) 


tobacco (plants) 


tebucey (punts) 


tobacco and tomute {plants} 


Petunia (plants) 


tobacco {plants} 


suinfiower (tumors) 
tobscce (plants) 


tobacco {tumors} 


lobreeg (plants) 


tobseco (plants) 


Petunia {plants} 


Petunia {plants} 
tohacee and Pemnin 
(plants) 


potato {planis) 
lobacce (plants) 


sunflower (umurs} 
tobacco {plants} 


tobacca (plants) 


(+) transient 


{-) nol expressed 
(+) ineesrect transcript processing 
(-} not expressed 
(+) incorrect transcript processing 
(~} not expressed 


+ expression confers methotrexate 
resislance 
(+} incorrect anseript processing 


{+) transcription, bul neither 
processing nor translation 

{+) incorrect transcript 
pulyadenylalion 

{-) sot expressed 

{+} incorrect transcript 
polyadenylation 

(-) not expressed 


(+) Jerminalion within rbcS, ELA 
polyadenylation site not used 


(~} not expressed 


+ 


expression confers enhineed 
Tesisiance to TMV infection 


+ expression coolers enhanced 
resistance to AMV infection 


+ only A-companents in tandem are 
able to replicate 


+ expression confers enhanced 
resistance to CMV infection 


+ expreased and processed correcily 

+ development-specific expression 
in seeds: targeting tb protein 
bodics in endosperm nod 
embryos 

+ higher expression than using a 
genomic clone 

+ development-specific zein pene 
expression in fobaces becds. 
Zein accumulation 

+ development-specific expression 
in tobacco seeds 

+ development-specific expression 
in Petunia ceeds depending on 
5‘ nequences 

+ constitutive expression: 35S» 
39S; 20 fold clonal varistion 

+ development-specific expression 
in seeds 

+ Otpan-specific expression in tuber 

+ light-regujated and organ-specific 
expression depending on the 
5T-15.1 promoter Conect 
splicing of patalin mRNA. 

(+) tunseription, but no detectable 

protein 

+ development-specific expression 
in tobuceo seeds 

+ development-specific expression 
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Grigin of pene 


Esskaryotic genes transferred to higher plants 


“Tronsferred constructs 


Transformed species 


Mode of foreign pene expression 





Wheat chiosophylt a/b-binding 
protein (cab) gene 


Pea cab gone 


Petunia cab gene 


Arabidopsis cab gene 


Pea ribulose 1 S- 
Bisphesphate carboxylase 
sinnll 

subunit pene (tbcS} ED 


Pea rbcS 3.6 


Pea rbcS 3A, 3C 


Pea rbcS 3A, EY 


Soybean rbcS 


Soybean, pea and Pctunin rbcS 


Nicotiana plumbapinifotia 
tbeS BD 


Whest rbeS 


Potate SELS ] pene 


Petroselinum and Antlisrhinum 
chalcone synthase genes 
(chs) 


penomic, 

gonomic 

5 cab/cal 

§ cub/3’ CuMV 35S !cat/ 
3 pbeS 

S deletion serics 

§ cab/opill 

S cabs’ nos/opsll 


\ cab/ocs 

S’ cab/nos 

5 ables 
genomic 

S rbcSileat 

5 deletion scrics 
penomic 


8’ deletion series 


S theS/ceav3" nos 
5° deletion senes 


mpl] 
5 rbeS/npill 
genomic 


S rbeS/5’ CaMV 35S/cal 
§ deletion series 


5° rbcS/nptl/3 ces 
5° rbcS/oos 

5’ rbeS/aptll/3* nos 
S sbeSfapul/3’ nos 


S tbheStent 


genomic 
§ CaMV A5SAheS/F sheS 


genomic, modified by exon 
Inpeing 


5 ST-LS 1pntatiné3* paiatin 


3 chs(A}/nptll/3 chs{??) 
S deiclion series 


5 rbeSirbeS transit sequence! 


Petunia and tobacco 
plants 
tohaceo [piants) 


lobaceo {plants) 


Petunia and tobacco 
{planis} 


tobucuo (plants) 


Petunia (tumors) 


Petunin and lobneco 


(plants) 


lobacco {tusnors)} 


lobucey {iuenors and plants) 


tobacco (plants) 


Petunin (pionts} 


Petunia and tobacco 
(planis} 


soybean (sumors) 
Kalanchoe (tumors) 
Potunin (plants) 
fomalo (plants) 


tobacco and Pelunis 


{olanis} 


ipbucee {plants} 


potaio and tobaccn 


{plants} 


tobacco {planis} 


tobacco {plants} 


+ 


+ 


- 


+ 


+ 


+ 


(+) 


+> 


+ 


in tobseco seeds 

light-repuinied and orpan-specific 
expression in leaves 
phytochrome-rcpulated expression 
in leaves depending on 5° 
sequences 


light-regulated, organ-and cell- 
specific expression; depending 
on enhinver/silenuer-like 5, 
sequences. Involvement of 
phytochrome. Correlation to 
the presence of chloroplasts. 
clonal vnrintion of expression 
(200 fold) independent of copy 
number and homo-/ 
heterologous host genome 
light-reguisted and organ-specific 
expression 

light-regulated expression 
dependent on 3' sequences 


light-regulated and organ-specific 
expression dependent on 5° 
sequences: 25-fold clonal 
vanating 

light-reguiated expression 
dependent on enhancer-Jike 3’ 
SEQUENCES 

light-reguiuted expression and 
targeting of ncomycin 
phosphotransferase toto 
chloroplasts; analysis of signal 
Sequences 

light-repulated, organ: and ceJ]- 
specific expression. 

Involvement of « blue-light 
receptor 

regulation of transcription by 
phytochrome: and/or blue-light 
receptor depending on the 
develnpmental state 
light-segujated and organ-specific 
expression depending on 
erhancer- and silencer-tdike 3° 
sequences 

light-repulated expression 
light-repulated expression 
lighGrcpulsted expression 
mediated by phylochrome 
expression stronger than disecicd 
by nos-promoler 

light-reguiated and organ-specific 
expression; 3-fold clonal 
variations independcat of 

home-/ heterologous host 
genome 

no expression under the control of 
wheal promoter, CaMV 355 
promoter is ntorssary 
light-reguiated and organ-specific 
expression depending on the 
presence of chloroplasts and 5’ 
sequences. Clonal variation 
paraficls copy numbers, but is 
independent of honn-/ 
heterologous host. 
light-repulated and organ-specific 
expression depending on the 
ST-L.J promoter sequences 
UV-H-leht-repuisted expression 
dependent on enhancer-like 5’ 
sequences 
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Oripin of pene 


Eukaryolic nenes transferred io hirher plants 


Transferred constructs 


Transformed species 


Made of foreign gene expression 





potate proleinase inhibitor Uf 
gene (PLE) 


Soybean heat shock pene 
hs 6373 

Soybean heat shock gene 
Gmisp 17 SE 


Muise heat shock pene hep? 
Maize alcohol debydrocenase T 
gens {Adh!) 


Moizc sucronc synthase pene 


{ss} 


Soybean P-tubulin gene 
cowpea trypsin inhibiler gene 
{CpTT) 

Petunia EPSP rynthase gene 


Soybean leghtmoglobin pene 


Ibe3 


Nicaliana plumbaginifolia 
“insert 7” enbancer-like 
requence 

Nicotiana plumbaginifolis 
AFP synthase gene (atp2- 
1); fF subunit 

Maize transposable clements 
Ac ant Ds 


genomic 
S PI H/cav'3 T-DNA pens 6h 
SPT Hieau3 PEA 


genomic 
S' Usletion setics 
genomic 
S' deletion series 


genomic 

8 CahfV 35S/cavAht iatron/ 
* sbeS 

SX AdhV cat 

S omsfS* Adhi cat 

X CaM 35S/5' AdhHeat 

S Adht deletion series 


* ssinnl/3” acs 

* ssinpul 

genomic 

5S CaMV 35S/CpTLa nos 
5 CaMV AAS/EPSP/3 nn 
S THT-DNAPetunia EPSP 
iriosi! sequencefbactesial 
EPSP (eroA) coding 

region 

genomic 


5’ thedical3 tbe3 


insert 7/5 nesfopill 
2» CaMV 35S ‘aip2-! signa! 
sequence/cat 


Ac or Ds within borders of 
waxy locus 


lobaceo {pfanis) + 


sunfiower (tumors) and + 


tobuccy (plants) 


sunflower (tumors) + 


Peluniu (plants) + 
jobacco (plants) {+) 


tobuveo {plunis) and maize = (+ 
{prolopinsts) 


“ew 


wheal (pratopiasts} (+) 


maize (protopfasts} {+) 


lobaceo (ptanis) + 
tobacco {plants) 


+ 


Patinia (plants) + 


tobacce (plants) + 


ipbaces (plants) 


Lotus comicuiatis (plants) + 


lobacco {plants} + 


tobacco {plants} + 


tobacco (tumors and shoots} = + 


wound-inducible expression 
Gepending on 5 and 3 
scuvenctes; syslemic spreading 
hy Umnsacting factors 
tempersiureseeuisled expression 
Gepending on 5° seyuences 
expression regulated by 
temperature and presence of 
cadmium and arsenite 
depending on S’ sequences 
lemporuture-tepuimied exprevsiun 
maize Adil intron is nol removed 
from the transcript 
anacrobically inducible cut- 
expression dependent on 5 

Adhl sequences only if 
additional CaMsV- or ocs~ 
promolcr/enbancer sequences 
ate present, 

transicnt expression 


iransient expression suspenston- 
culture derived but not in Icat- 
Gcrived protoplasts 


expression enhances resistance to 
insect pests 

AAS-Cirecled EPSP averpmiuction 
canfers glyphosate lolernace 
expression of bacterial EPSP; 
tarpeting inte chloroplasts; 
glyphosate tolerance 


od. 


development-specific and 
inducible expression ooly in 
noduics and onty after 
infectiog by Rhizobium; 
dependence on 5° sepulutory 
sequences 

transicnl proteplast-specific 
overexpression of npill 


cat enzyme is targeted into 
mitochondria 


Ac is capable of selbeatalyzed 
iransposition 





Abbrevialions: 


copia LER - long terminal repeat of copia taansposable efement 


HSV - Herpes simpicx virus 


Audh » alcoho) dehydrogenase pene 

ST-LS 1 Solanum subcrosum leaf/stem-specific pene 

EPSP - 3 -enolpynivyishikimate-3-phosphate (pene) 

Ibe3 - mensber of ihe lephemopiobia pene family 

Ac, Ds - maize transposable elements (activator, dissecintion) 
ibcS - ribulose-1,5-bisphosphate carboxylase smail cudunit pene 
vab - chlorophy] a/b binding protein pene 

antl{ ~ neomycin phosphotransfermse tT pene 


ots - ortopine synihase pence 
nos ~ nopaline synthase pene 


cat - chipramphenicol ncetyltransfernse gene 
CaMV 358, 19S - caulitower mosaic virus penes encoding 35S and 19S-lranscript, respectively 
genomic - transferred construct contains the entire pene including 5’ and 3 regions 


Mode of expression: 


+ - correct expression of stably integrated pence 
{+} - Srapsient expression, or transcription followed by incorrect processing and/or transfation 


{(-}~ pene is not transcribed 


The heterologous DNA to he introduced tnto the plant 
further will generaily contain either a selectable marker or a 
reporter gene or both to facilitate identification and selection 


, of transformed cells. Aliernatively, the selectable marker 
" may be carried on a separate piece of DNA and used in a 
cotransformation procedure Both selectable markers and 
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reporter genes may be flanked with appropriate regulaiory 
sequaces to enable expression in plants. Useful selectable 
markers are well known in the art and include, for example, 
antibiotic and herbicide resistance genes. Specific examples 


of such genes are disclosed in Table 2 


14 


genes which confer herbicide resistance or tolerance are also 
of commercial ullity in the resulting transformed plants. 
Reporter genes which encode for casily assayable marker 
proicins arc well known in the art. In general, a reporter pene 
is a gene which ts not present or expressed by the recipient 


TABLE 2 





Seleclable marker and reporter penes in plant genetic transformation 





Useful as 
Seicetable Scarabie  ——- Resistance 
Gene Ongin Encoded enzyme marker reporter = against 
Neomycin phusphutranslerse TaS acumycin phusphotranslcrase + + nivmycin kunumycin G-4138! 
gene HH (aptlt) 
Neamycin phosphotransferase Naé0l acomycin phosphotransferse + + ncomycin kanamycin G-4]8? 
gene F {nptt) 
Chiossmphenicol acetyliransferase = Fn chloramphenicol {+} ++ chloramphenicol? 
pene {cal) acelyltrans[eruse 
Bacterial DHPR gene plasmid R67 = dihydrofolate reductase + + methotrexate” 
Mutated c-DNA of a mouse Mouse dihydrofolate reductase ++ + methotrexate? 
DHFR gene 
Oclopine xynihase gene {ors} T-DNA octapine synthane + ab toxic opine precursor 
analogues, i¢. aminoelhylcystein® 
Nopaline synthase pene (nos) FDNA aopaling synthase - ++ —" 
Hypromycin phosphotsansferase = E. coli aygiomycin phosphotransferass ++ hygromycin B® 
gene (hp') 
Ricomycin rerisuince pene Tn 7 + - hicamycin® 
Streptomycin phosphotransferase = [n5 streplomycin phosphotmasferase {+) (+) streplomycin'? 
ene 
. contro} pinals 
are not 
killed hy 
streptomycin 

nroA pens Salmonella EPSP synthase 44 ~ glyphosate"! 

iryphinuiriwn 
bar gene Streptomices — phosphinothricin ++ “ phosphinothricin, bialapbos'* 

hygroscopicus acety)transferase 
P-palactesidase pene E. coli B-palactasidase - + —! 
Glucuronidace gene (GUS} E. coli giucuronidase ~ 4+ —' 
Bacterial fuciterasc pene Vibrso harvest ‘acifcrasc - +4 nn 
Firefly luciferase pene Phosinites wcilermss ~ 44 —s 

peralis 





Oaly some mpresentative references were chosen in case of the nptll, sos, ocs nod cat pencs. 


Abbreviations 

Ta > transpuson 

DHFR « dihydrofolate reducinse 

EPSP synthase ~ 5-cnolpyrovylskikimate-3-phosphate synthase 
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A preferred selectable marker gene is the hygromycin B 
phosphotransferase (HPT) coding sequence, which may be 
derived from £. colt. Other selectable markers known in the 
art include aminoglycoside phosphotransferase gene of 
transposon TnS {Aphil} which encodes resistance to the 
anlibiolics kanumyein, ovomycioa, and G418, as well as 
those genes which code for resistance or tolerance 10 
glyphosate, methotrexate, imidazolinones, sulfonylureas, 
bromoxynil, dalapon, and the like. Those sclectable marker 


60 


65 


Organism or tissue and which encodes a protein whose 
expression is manifested by some casily detectable property, 
¢.g. phenolypic change or enzymatic activity. Examples of 
such genes are provided in Table 2. Preferred penes include 
the chloramphenicol acetyl transferase pene from Tn9 of E. 
coli, the beta-glucuronidase gene of the vida locus of E coli, 
and the luciferase genes from firefly Photinus pyralis. 

The regulatory sequences useful herein include any 
constitutive, inducible, ussuc or organ specific, or develop- 
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mental stage specific promoter which can be expressed in 
the particular plant cell Suitable such promoters are dis- 
closed in Weising ct al, supra. The following is a partial 
representative list of promoters suitable for use herein: 
regulatory sequences from the T-DNA of Agrobacteriiun 
humefaciens, including mannopine synthase, nopaline 
synthase, and octopine synthase; alcohol dehydrogenase 
promoter from corn; light inducible promoters such as, 
ribulose-biphosphate-carboxylase smal] subunit gene from a 
varicty of species; and the major chlorophyll a/b binding 
proicin gene promoter; 35s and 19S promoters of cauhi- 
Hower mosaic virus; developmentally regulated promoters 
such as the waxy, zein, or bronze promoters from maize, as 
well as syothelic or other nalural promoters which are either 
inducible or constitutive, including those promoters cxhib- 
Hing organ specific expressiug or expression at specific 
development stage(s) of the plant 

Other elements such as introns, enhancers, polyadenyla- 
ion sequences and the like, may also be present on the 
DNA. Such elements may or may oof be necessary for the 
function of the DNA, although tbey can provide a better 
expression or functioning of the DNA by affecting 
transcription, stability of the mRNA, or the like. Such 
elements may be included in the DNA as desired to obtain 
the optimal performance of the transforming DNA in the 
plant. For example, the maize AdhtS first intron may be 
placed between the promoter and the coding sequence of a 
particular heterologous DNA. This intron, when included in 
a DNA construction, is known lo generally increase expres- 
sion in maize cells of a protein. (Callis ct al. 1987) However, 
sufficient expression for a selectable marker to perform 
satisfactorily can often be obtained without an intron. (Klein 
et al. 1989} An example of an alternative suitable intron is 
(he shrunken-1 first iotron of Zea mays. These other ¢le- 
ments must be compatible with the remainder of the DNA 
constructions, 

To determine whether a particular combination of DNA 
and recipient plant cells are suitable for use herein, the DNA 
may include a reporter gene. An assay for expression of the 
reporter gene may iben be performed at a suitable time after 
the DNA bas been introduced info the recipient cells. A 
preferred such assay entails the use of tbe E. coli beta- 
glucuronidase (GUS) gene (Jefferson ct al 1987). In the case 
of the microprojectile bombardment transformation process 
of the present invention, a suitable time for conducting the 
assay is about 2-3 days after bombardment. The use of 
transient assays is particularly important when using DNA 
components which bave aot previously been demansiraled 
or confirmed as compatible with the desired recipicat cells. 
HI. DNA Delivery Process 

The DNA can be introduced into the regenerable maize 
callus cultures via a particle bombardment process. A gen- 
eral description of a suitable particle bombardment instru- 
ment is provided in Sanford et al. (1987), the disclosure of 
which is incorporated herein by reference. While protocols 
for the use of the instrument in the bombardment of maize 
non-regenerable suspension culture cells are described in 
Klein et al. (1988a, 1988b, and 1989), no protocols have 
been published for the bombardment of callus cultures or 
regencrable maize cells. 

in a microprojectiie bombardment process, also referred 
to as a biolistic process, the transport of the DNA into the 
callus is mediated by very small particles of a biologically 
inert material. When the inert particles are coated with DNA 
and accelerated to a suitable velocity, one or more of the 
narticles is able to enter into one or more of the ceils where 
the DNA is released from the particle and expressed within 
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the cell. While some of the cells are fatally damaged by the 
bombardment process, some of the recipient cells do 
survive, stably retain the Introduced DNA, and express it. 

The particles, called microprojectiles, are generally of a 
high density material such as tungsien or gold. They are 
coated with the DNA of interest. The microprojectiles are 
then placed onto the surface of a macroprojectile which 
serves to transfer the motive force from a suilable energy 
source fo the microprojectiles. After the macroprojectile and 
the microprojectiles are accelcrated 10 the proper velocity, 
they contact a blocking device which prevents the macro- 
projectiie from continuing its forward path but allows the 
DNA-coated microprojectiles to continue on and impact the 
recipient callus cells. Suitable such instruments may use a 
variety of motive forces such as punpowder or shock waves 
from an electric are discharge (Swain ef al. 1988) An 
instrument in which gunpowder is the motive force is 
currently preferred and such is described and further 
explained in Sanford et al. (1987), the disclosure of which is 
incorporated berein by reference. 

A protocol for the use of the gunpowder instrument is 
provided in Klein ef al. (1988a, b) and involves two major 
steps. First, tungsten microprojectiles are mixed with the 
DNA, calcium chloride, and spermidine free base in a 
specified order in an aqueous solution. The concentrations of 
the various componencts may he varied as taught. The 
currently preferred procedure entails exactly the procedure 
of Klein et al. (1988) except for doubling the stated 
oplimum DNA concentration. Secondly, in the actual 
bombardment, the distance of the recipient ceils from the 
end of the barrel as well as the vacuum in the sample 
chamber. The currently preferred procedure for bombarding 
the callus cntails exactly the procedure of Klcin ct al. 
(1988b) with the recipient tissue positioned 5 cm below the 
stopping plate tray. 

The caus cultures useful herein for generation of trans- 
genic plants should pgencrally be about 3 months to 3 ycars 
old, preferably about 3 to 18 months old. Callus used for 
bombardment should generally be about midway between 
transfer periods and thus past any “lag” phase that might be 
associaled with a transfer to a new media, but also before 
reaching any “stationary” phase associaicd with a Jong time 
on the same plate. 

The specific tissue subjected to the bombardment process 
is preferably faken about 7-10 days after subculture, though 
this is not believed critical. The tissue should generally be 
used in the form of pieces of about 30 to 80, preferably about 
40 to 60, mg. The clumps are pjaced on a pein dish or other 
surface and arranged in essentially any manner, recognizing 
that (i} the space in the center of the dish will receive the 
heaviest concentration of mefal-DNA particles and the tissue 
located there is hkely io suffer damage during bombardment 
and (ii) the number of particles reaching a cell will decrease 
(probably exponentially) with increasing distance of the cell 
from the center of the blast so that cells far from the center 
of the dish are not likely to be bombarded and transfonned. 
A mesh screen, preferably of metal, may be laid on the dish 
to prevent splashing or ejection of the issue. The tissue may 
be bombarded one or more times with the DNA-coated 
metal particles. 

IV. Selection Process 

Once the calli have been bombarded with the DNA and 
the DNA has penetrated some of the cells, if is necessary to 
identify and select those cells which both contain the het- 
erologous DNA and still relain sufficient regenerative capac- 
itv. There are two general approaches which have been 
found useful for accomplishing this. First. the transformed 
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calli or plants regenerated therefrom can be screened for the 
presence of the helerolopous DNA by various standard 
methods which could include assays for the expression of 
reporter genes or assessment of phenotypic effects of the 
heterolopous DNA, if any. AHernatively and preferably, 
when a selectable marker gene has been wansmilted along 
wiih or as part of the heterologous DNA, those cells of the 
callus which have been transformed can be identified by the 
use of a selective agent to detect expression of the selectable 
marker pence. 

Selection of the putative transformants is a critical part of 
the successful transformation process since selection condi- 
tions must be chosen so as to allow growth and accumulation 
of the transformed cells while simultaneously inhibiting the 
growth of the non-transformed cells. The situation is com- 
plicated by the fact thut the vitality of individual cells in a 
population is often highly dependent on the vitality of 
neighboring cells. Also, the selection conditions must not be 
so severe thal the plant regeneration capacity of the callus 
cells and the fertility of the resulting plant are precluded, 
Thus the effects of the sciection agent on cell viability and 
morpholovy should be evaluated. This may be aecomplished 
by expenmentally producing a growth inhibition curve for 
the given selective agent and tissue being transformed 
beforehand. This will establish the concenlralion range 
which will inhibit growth, 

When a selectable marker gene has been used, the callus 
clumps may be either allowed Io recover from the bombard- 
ment on noo-sclective media or, preferably, directly trans~ 
ferred to media containing that agent. 

Selection procedures involve exposure to a toxic agent 
and may employ sequential changes in the concentration of 
the agent and multiple rounds of selection. The particular 
concentrations and cycle jengths are likely io need to be 
vaned for each particular agent. A currently preferred selec- 
tion procedure entails using an initial selection round af a 
rclatively low toxic agent concentration and then later 
round(s) al higher concentration(s). This slows the selective 
apent lo exert its toxic effect slowly over a longer period of 
time. Preferably the concentration of the agent is initially 
such that about a 540% level of growth inhibition will 
occur, as determined from a growth inhibition curve. The 
effect may be to allow the transformed cells to preferentially 
grow and divide while inhibiting untransformed cclis, but 
not to the extent that growth of the transformed cells is 
prevented. Once the few individual transformed cells have 
grown sufficiently the tissue may be shifted to media con- 
laining a bigher concentration of the toxic agent to kill 
essentially all untransformed celis. The shift to the higher 
concentration also reduces the possibility of non- 
transformed cells habituating to the agent. The higher level 
is preferably in the range of abou! 30 to 100% growth 
inhibifion. The length of the first selection cycle may be 
from about l io 4 weeks, preferably about 2 weeks. Later 
selection cycles may be from about 1 to about 12 weeks, 
preferably about 2 io about 10 wecks Putative maize 
transformants can penerally be identified as proliferating 
sectors of tissue among a background of non-proliferating 
cells. The callus may also be cullured on non-selective 
media at various limes during the overall selection proce- 
dure 

Once a callus sector is identified as a pwtative 
transformant, transformation can be confirmed by pheno- 
typic and/or genolypic analysis. H a selection agent is used, 
an example of phenotypic analysis is to measure the increase 
in fresh weight of the putative transformant as compared to 
a comtrol on various levels of the selective agent. Other 
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analyses that may be emploved will depend on the function 
of the heterologous DNA. For example, if an enzyme or 
protein is encoded by the DNA, enzymalic or immunologi- 
cal assays specific for the particular enzyme or protein may 
be used. Other gene products may be assayed by using a 
Suitable bioassay or chemical assay. Other such techniques 
are well known in the art and are not repeated here. The 
presence of the gene can also be confirmed by conventional 
procedures, fc. Southern blot or polymerase chain reaction 
(PCR) or the like. 

V. Regeneration of Plants and Production of Seed 

Cell lines which bave been shown to be transformed must 
then be regeneraied into plants and the fertility of the 
resullant planis determined. Fransformed lines which test 
positive by genotypic and/or phenotypic analysis are then 
placed on a media which promotes lissue differentiation and 
plant regeneration. Regeneration may be carried out in 
accordance with standard procedures well known jn the art. 
The procedures commonly entail reducing the level of auxin 
which discontioues proliferation of a callus and promotes 
somatic embryo development or other tissue differentiation 
One example of such a regeneration procedure is described 
in Green et al. (1981). The plants are grown to maturity in 
a growth room or greenhouse and appropriate sexual crosses 
and selfs are made as described by Neuffer (1981). 

Regeneration, while important to the present invention, 
may be performed in any conventional manner. If a select- 
able marker has been transformed into the cells, the selection 
apeot may be incorporaicd into the regencration media to 
further confirm that the regenerated plantlets are trans- 
formed. Since regencration techniques are well known and 
not critical to the present invention, any technique which 
accomplishes the regeneration and produces fertile plants 
may be used. 

VL Analysis of Ri Progeny 

The plants regenerated from the transformed callus are 
referred to as the RO generation or RO plants The seeds 
produced by various sexual crosses of the RO veneration 
plants are referred to as R1 progeny or the R1 generation. 
When RI seeds are germinated, the resulting plants are also 
referred to as the R1 peneration. 

To confirm the sucecssful transmission and inbenitance of 
the heterologous DNA in the sexual crosses described 
above, the RI generation should be analyzed to confirm the 
presence of the transforming DNA. The analysis may be 
perfonmed in any of the manners such as were disclosed 
above for analyzing the bombarded callus for evidence of 
transformation, faking info account the faci that plants and 
plant parts are being used in place of the callus. 

VI. Breeding of Genetically Engineered Commercial 
Hybrid Seed 

Generally, the commercial value of the transformed corn 
produced herein will be greatest if the heterologous DNA 
can be incorporated into many different hybrid combina- 
tions. A farmer typically grows several varieties of hybrids 
based on differences in maturily, standability, and other 
agronomic trails. Also, the farmer musi select a hybrid based 
upon his physical location since bybrids adapted to one part 
of the carn bel are generally not adapted to another part 
because of differences in such traits as maturity, disease, and 
insect resistance, As such, it is necessary to incorporate the 
heterologous DNA into a large oumber of parental Lines so 
that many hybrid combinations can be produced containing 
the desirable heterologous DNA. This may conveniently be 
done by breeding programs in which a conversion process 
(backcrossing) is performed by crossing the initial trans- 
genic fertile plant 10 cormal elite inbred lines and then 
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crossing the progeny back to the normal parent. The progeny 
from this cross will segregate such thal some of the plants 
Will carry the heferologous DNA whereas some will not. The 
plants that do carry the DNA are then crossed again to the 
normal plant resulting in progeny which segregate once 
more. This crossing is repeated until the original norma} 
parent has been converted to a penetically engineered Hine 
containing the beterologous DNA and also possessing all 
other important attributes originally found in the parent. A 
separate back-crossing program will be used for every elite 
line that is to be converted to a genetically engineered clite 
line Ht may be necessary for both parents of a hybrid seed 
corn to be homozygous for the heterologous DNA, Corn 
breeding and the techniques and skills required tu transfer 
genes from one line or variety to another are well-known to 
(hose skilled in the art. Thus introducing heterologous DNA 
into lines or varieties which do not generate the appropriate 
calli can be readily accomplished by these breeding proce- 
dures. 

VIL. Uses of Transpenic Plants 

The transgenic planis produced hercin are expected to be 
useful for a variety of commercial and research purposes 

Transgenic plants can be created for use in traditional 
apriculture to possess traits beneficial to the grower (e.g. 
agronomic traits such as pest resistance or increased yield), 
beneficial to the consumer af the grain harvested from the 
plant (e g. improved nutritive content in buman food or 
animal feed), or beneficial to the food processor (c.g. 
improved processing traits). In such uses, the plants are 
generally grown for the use of their grain in human or animal 
foods. however, other parts of the plants, including stalks, 
husks, vegelative parts, and the like, may also have utility, 
including use as part of anirnal silaage or for ornamental 
purposes (e.g. Indian corn). often chemical constituents (c.2. 
oils or starches) of corn and other crops are extracted for 
food or in dustrial use and transgenic plants may be created 
which have enbanced or modified levels of such compo- 
nenis. The plants may also be used for seed production for 
a varicly of purposes. 

Transgenic planis may also find use in the commercial 
manufacture of proteins or othermolecules encoded by the 
heterologous DNA containcd thercin, where the molecule of 
interest is extracted or purified from plant parts, seeds, and 
the like. Cells or tissue from the plants may also be cultured, 
grown in vilro, or fermented to manufacture such molecules, 
or for other purposes (e g.. for research). 

The transgenic plants may also be used in commercial 
breeding programs, or may be crossed or bred to plants of 
related crop species. Improvements encoded by the beter- 


ologous DNA may be transferred, « g. from com cells fo : 


cells of other species e.g. by protoplast fusion. 

The transgenic plants may have many use s in research or 
breeding, including creation of new mutant plants through 
insertional mutagenesis, in order to identify beneficial 
mutants that might later be created by traditional mutation 
and selection. The methods of the invention may also be 
used to create plants having unique “siynuture sequences” or 
other marker sequences which can be used to identify 
proprietary lines or varieties. 

The following non-limiting examples are illustrative of 
ihe present invention. They are presented to better explain 
the general procedures which were used to prepare the fertile 
Zea mays plants of this invention which stably express the 
heterologous DNA and which transmit that DNA to progeny. 
All pacts and percents are by weight unless otherwise 
specified. It must be recognized that a specific transforma- 
ion event is a function of the amount of material subjecied 
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to the transformation procedure. Thus when individual situ- 
ations arise in which the procedures described herein do not 
produce a transformed product. repetition of the procedures 
will be required. 


EXAMPLE | 


Ferine transgenic Zea mays plans which contain heter- 
ologous DNA which is beritable were prepared as follows: 
1. Initiation and Maintenance of Maize Cell Cultures which 
Retain Plant Regeneration Capacity 

Friable, embryogenic maize callus cultures were initialed 
from hybrid immature embryos produced by pollination of 
inbred line A188 plants (University of Minnesota, Crop 
Improvement Association) with pollen of inbred line B73 
plants (Iowa State University). Ears were harvested when 
the embryos had reached a length of 1.5 to 2.0 mm. The 
whole ear was surface sterilized in 50% v/v commercial 
bleach (2.63% w/v sodium hypochlorite) for 20 min. at room 
temperature. The ears were then washed with sterile 
distilled, deionized water. Immature embryos were asepti- 
cally isolated and placed on nutrient agar iniliation/ 
maintenance media with the roal/shoot axis exposed to the 
medium, Initiation/maintenance media (hereinafier refered 
to us F medium) consisted of N6 basal media (Chu 1975) 
with 2% (w/v) sucrose, 1.5 mp per liter 2,4- 
dichiorophenoxyacetic acid (2,4-ID), 6 mM proline, and 
0.25% Gelrite (Kelco, luc. San Diego). The pl was adjusted 
fo 5 8 prior to autoclaving. Unless otherwise stated, all tissue 
culture manipulations were carried out under sterile condi- 
(ions. 

The immature embryos were incubated at 26° C. in the 
dark. Cell proliferations from the sculeHum of the immature 
embryos were evaluated for friable consistency and the 
presence of well defined somatic embryos. Tissue with this 
morphology was transferred to fresh media 10 to 14 days 
after the inifial plating of the immature embryos. The tissue 
was then subcultured on a routine basis every 14 1o 21 days. 
Sixty to eighty milligram quantities of tissue were removed 
from pieces of tissue that bad reached a size of approxi- 
mately one gram and transferred to fresh media Subcultur- 
ing always involved careful visual monitoring to be sure ibal 
only tissuc of the correct morphology was maintained. The 
presence of somatic embryos ensured (hat the cultures would 
give rise to plants under the proper conditions. The cell 
culture named AB12 used in this example was such a culture 
and had been initiated about 1 year before bombardment. 
il, Plasmids—pCHN1-1, pHYGI1, pBH221, and pLUC-1 

The plasmids pCHN1-1, pHYGIL, and pLUC-1 were 
constructed in the vector pBS+ (Stratagenc, Inc., San Diego, 
Calif), a 3.2 Kb circular plasmid, using standard recombi- 
pant DNA fechniques. pCHN1i-1 contains the hygromycin B 
phosphotransferase (HPT) coding sequence from £. coli 
(Gritz et al. 1983) flanked at the 3° end by the nopaline 
synthase (nos) polyadenylation sequence of Agrobacterium 
tumefaciens (Chilton and Barnes 1983). Expression is 
driven by the cauliflower mosaic virus (CaMV) 35S pro- 
moter (Guilley et al. 1982), localed upsiream from the 
hygromycin coding sequence. The plasmid pllYGH1 was 
constructed by inserting the 553 bp Bel-BamHI fragment 
containing the maize Adh1S first intron (Callis et al. 1987) 
between the CaMV 35S promoter and the hygromycin 
coding sequence of pCHN1-1.A map of pHYGI] is provided 
as FIG. I. 

pBII221 contains the E Coli B-glucuronidase coding 
sequence flanked at the 3 end by the CaMV 35S promoter 
and at the 3° end by the nos polyadenylation sequence. The 
plasmid was constructed by inserting the maize AdbIS first 
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intron between the 355 promoter and the coding sequence of 
pBI221 (Jefferson et al. 1987). A map of pBH221 is provided 
as FIG 2. 

pLUC-1 contains the firefly luciferase coding sequence 
(DeWet et al. 1987} Hanked at the 5’ end by the CaMV 35S 
promoter and at the 3’ end by the nos polyadenylation 
sequence. This plasmid was uscd solely as a negative 
control. 

Plasmids were introduced into the embryogenic callus 
culture AB12 by microprojectile bombardment. 

IH]. DNA Delivery Process 

The embryogenic maize callus line AB12 was subcultured 
7 to 12. d prior to microprojectile bombardment. ABi2 was 
prepared for bombardment as follows. Five clumps of callus, 
cach approximately 50 mg in wet weight were arranged in 
a cross pattern in the center of a sterle 60x15 mm petri plate 
(Falcon 1007). Plates were stored in a closed container with 
motst paper fawels throughout the bombardment process. 
Twenty six plates were prepared. 

Plasmids were coated onto M-10 tungsten panicles 
(Biolisuics) exactly as described by Kicin, ct al (1988b) 
except that, (1) twice the recommended quantity of DNA was 
used, (ii) the DNA precipitalion onto the particles was 
performed at 0° C, and (iii) the tubes containing the 
DNA-coated tungsten particles were stored on ice through- 
oul the bombardment process. 

All of the tubes contained 25 ui 50 mg/ml M-10 tungsten 
in water, 25 ul 2.5 M CaCl, and 10 ul 100 mM spermidine 
free base along with a total of 5 ul 1 mgymil total plasmid 
content. When two plasmids were used simultaneously, each 
was present in an amount of 2 5 ul. One tube contained only 
plasmid pB1I221; two tubes contained both plasmids 
pHYGI1 apd pBIH221; two tubes contained both plasmids 
pCHNI-1 and pBII221; and one tube contained only plasmid 
pLUC-1, 

All tubes were incubated on ice for 10 min, pelletized by 
centrifugation in an Eppendorf centrifuge at room tempera- 
ture for 5S seconds, and 25 ul of the supernatant was 
discarded. The tubes were stored on ice throughout the 
bombardment process. Each preparation was used for no 
more than 5 bombardments. 

Macroprojcctilcs and stopping plates were obtained from 
Biolistics, Inc. (Ithaca, N.Y}. ‘Phey were sterilized as 
described by the supper. The microprojectile bombardment 
instrument was obtained from Biolistics, Inc. 

The sample plate tray was positioned at tbe position S$ cm 
below the bottom of the slopping plate tray of the micro- 
projectile instrument, with the stopping plate in the slot 
below the barrel. Plates of callus tissue prepared as 
descnbed above were centered on the sample plate tray and 
the petri dish lid removed. A 7x7 cm square ngid wire mesh 
with 3x3 mm mesh and made of galvanized steel was placed 
over the open dish in order to retain the Ussue during the 
bombardment. Tungsten/DNA preparations were sonicated 
as described by Biolistics, Inc. and 25 ul was pipetied onto 
the top of the macroprojectiles. Phe instrument was operated 
as described by the manufacturer. The following bombard- 
ments were performed: 

2xpBH221 prep To determine transicni expression fre- 

quency 

10xpHYGI1/pBII221 As a potcotial positive trealmen! for 

transformation 

1UxpCHN1-1/pBH221 As a potential positive treatment 

for transformation 

4xpLUC-L Negative control treatment 

The two plates of callus hombarded with pRH221 were 
transferred plate for plate to F medium (with no 
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hygromycin) and the callus cultured at 26° C. in the dark. 
After 2 d this callus was then transferred plate for plate into 
35x10 mm petri plates (Falcon 1008) containing 2 ml of 
GUS assay buffer which consists of 1 mg/ml 5-bromo-4- 
chloro-3-indoly}-beta-D-glucuronide (Research Organics), 
100 nM sodium phosphate pH 7.0, 5 mM each of potassium 
ferricyanide and potassium ferrocyanide, 10 mM EDTA, and 
006% Triton X-100. These were incubated at 37° C. for 3 
d after which the number of bluc cells was counted giving 
291 and 477 transient GUS expressing cells in the two 
plates, suggesting that the DNA delivery process had also 
occurred with the other bombarded plates. These plates were 
discarded after counting since the GUS assay is destnictive. 
IV, Selection Process 

Hygromycin B (Calbiochem) was incorporated into the 
medium by addition of the appropriate volume of filter 
stenlized 100 mg/ml Hygromycin B in water when the 
media had cooled 10 45° C. prior 10 pouring plates. 

immediately after all semples baci been bombarded, callus 
from all of the plates treated with pIPYGIi/pBll221, 
pCHN1-1/pBH221 and three of the plates treated with 
pLUC-} were transferred plate for plate onto F medium 
containing 15 mp/I hygromycin RB, (five pieces of callus per 
plate). These are referred to as round | selection plates. 
Callus from the fourth plate treated wilh pLUC-1 was 
transferred to F medium without hygromycin. This issue 
was subcultured every 2-3 weeks onto nonselective medium 
and is referred to as unsclected contro! callus. 

After two weeks of selection, tissue appeared essentially 
identical on both selective and nonselective media. All 
callus from cight plates from cach of the pHYGH1/pBH221 
and pCHN1-1/pBII221 treatments and two plates of the 
control callus on selective media were transferred from 
round 1 selection plates to round 2 selection plates that 
contained 60 mg/ hygromycin. The round 2 selection plates 
each contained ten 30 mg pieces of callus per plate, resulting 
in an expansion of the total number of plates. 

The remaining tissue on selective media, two plates each 
of pI{Y¥YGH/pBu221 and pCiINi-1/pBil221 weated tissue 
and one of control callus, were placed in GUS assay buffer 
at 37° C. to determine whether blue clusters of cclis were 
observable at bwo weeks past-bombardment. After 6 d in 
assay buffer this tissue was scored for GUS expression. 











TREATMENT REPLICATE OBSERVATIONS 
pLuc-3 no blue cells 
pHYGH/pBiH223 piote } i] single celts 
i four cell cluster 
plate 2 5 single cells 
pCHNY-T /pBN2723 plate J 2 single cc 
2 two cell clusters 
plate 2 5 single cells 


7 two eclf cluster 
2 clusters of 830 crfjs 





After 21 d on the round 2 selection plates, all viable 
portions of the material were transferred to round 3 selection 
plates containing 60 mg/l hygroreycin. The round 2 selection 
plates, coniatoing only tissue that was apparently dead, were 
reserved. Both round 2 and 3 selection plales were observed 
periodically for viable proliferating sectors. 

After 35 d on round 3 selection plates both the round 2 and 
round 3 sets of selection plates were checked for viable 
seciors of callus. Two suck sectors were observed prolifer- 
aung from a background of dead tissue on plates treated with 
pHYGIL/pBl221. The first sector named 3AA was from the 
round 3 group of plates and the second sector named 6L. was 
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from the round 2 group of plates. Both lines were then 
transferred to F medium without hygromycia. 

After 19 d on F medium without hygromycin the line 3AA 
grew very liltle whereas the line 6L. grew rapidly. Both were 
iransferred again {o F medium for 9d The lines 3AA and 6L 
were then transfered to F medium containing 15 mg/ 
hygromycin for 14 d. At this point, line 3AA was observed 
!o be of very poor quality and slow growing. The line 61. 
however prew rapidly on F medium with 15 me.} hygromy- 
cin. In preparation for an inhibition study of the linc 6L. on 
hygromycin, the line was then subcultured to F medium 
without hygromycin. 

After 10 d on F medium an inhibition study of the line 6L- 
was initiated. Callus of 6L. was transfered onto F medium 
containing 0, 10, 30, 100, and 250 mg/l hygromycin B. Five 
pistes of callus were prepared £ or cach concentration and 
each plate contained ten approximately 50 mp pieces of 
callus. one plate of unselected control 11 ssue was prepared 
for each concentration of hygromycin. 

It was found that the Hne 6L. was capable of sustained 
growth over 9 subcultures on O, 10, 30, 100, and 250 mp/t 
hygromycia. The name of the Hne 6L. was changed at this 
lime from 6L. to PHI (Positive Hiygromycin transformant 
i). 

Additional sectors were recovered at various time points 
from the round 2 and 3 selection plates. None of these were 
able to grow in the presence of hygromycin for muhiple 
rounds, ic. two or thres subcultures, 

V. Confirmation of transformed callus 

To sbow that the PHi callus bad acquired the hygromycin 
resistance gene, a Southern blot of PH1 callus was prepared 
as foHows: DNA was isolated fram PH1 and unselected 
control calli by freezing 2 g of callus in liquid nitrogen and 
grinding it {o a ne powder which was transferred to a 30 mi) 
Oak Ridge tube containing 6 m] extraction buffer (7M urea, 
250 1M NaCl, 50 mM Tris-HCi pH 8.0, 20 mM EDTA pH 
8.0, 1% sarcosinc) To this was added 7 ml of phenol:chio- 
roform 1:1, the tubes shaken and incubated at 37° C. 15 min. 
Samples were centrifuged at 8K for 10 min at 4° C. The 
supernatant was pipetted through miracloth (Calbiochem 
475855) into a disposable 15 ml tube (American Scientific 
Products, C3920-15A) containing 1 m} 44 M ammonium 
acefate, pH 52. Isopropanol, 6 mol, was added, the tubes 
shaken, and the samples incubated at -20° C. for 15 min. 
The DNA was pelleted in a Beckman TJ-6 centrifuge at the 
maximum speed for 5 min. at 4° C. The supernatant was 
discarded and the pellet was dissolved in 500 ul TE-10 (10 
mM Tns-HCi pH 8 0, 10mM EDTA pH 8 0) 15 min. at room 
temperature. The samples were transferred to a 1.5 ml 
Eppendorf tube and 100 ul 4.4 M ammonium acetate, pH 5 2 
and 700 wl isopropanol were added. This was incubated at 
-20° C. for 15 min. and the DNA pelleted 5 min. in an 
Eppendorf microcentrifuge (12,000 rpm) The pellet was 
washed with 70% ethanol, dried, and resuspended in TE-1 
(10 mM Tris-HCI pH 8.0, 1 EM EDTA). 

The isolaicd DNA (0 ug) was digested with Bamlil 
(NEB) and electrophoresed in a 0.8% w/v agarose pel at 15 
V for 16 hrs in TAE buffer (40 mM Tris-acetate, | mM 
EDTA). The DNA within the gel was then depurinaied by 
soaking the gel twice in 0.25 M HCI for 15 min., denatured 
and cleaved by soaking the gel twice in 0.5 M NaQH/1.0M 
NaCl 15 min., aod neutralized by soaking the gel twice in 
0.5M Ths pH 7.44M NaCl 30 mia. DNA was then blotted 
onto a Nytran membrane (Shicicker & Shuell) by capillary 
transfer overnight in 6xSSC (20«SSC, 3M NaCl 0.3M 
sodium citrate pH 7 0). The membrane was baked at 80° C. 
for 2 hrs under vacuum. Prehybndization treatment of the 
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membrane was done in 6xSSC, 10xDenhardt's solution, 1% 
SDS, 50 ug/ml denatured salmon sperm DNA using 0.25 ml 
prehybridization solution per cm” of membrane. Prehybrid- 
ization was carried oul af 42° C. overnight. 

A 32P labelled probe was prepared by random primer 
labelling with an Oligo Labelling Kit (Pharmacia) as per the 
suppliers instructions with 32P-dCTP (ICN 
Radiochemicals). The template DNA used was the 1055 bp 
RamHI fragment of pHYGI1, which is the HPT coding 
sequence. The fragroent was pel purified and cut again with 
Pst (NEB) before labelling. 

The hybridization was performed in 50% formamide, 
6xSSC, 1% SDS, 50 ug/ml] denatured salmon sperm DNA 
(Sizma), 0.05% sodium pyrophosphate and all of the iso- 
propanol precipitated heat denatured probe (107 CPM/50ug 
template). The bybridization was carried out al 42° C 
overnight, 

The membrane was washed twice in 50 ml 6xSSC, 0.1% 
SDS 5 min. at room temperature with shaking, then twice in 
500 ml 6xSSC, 0.1% SDS 15 min at room temperature, then 
twice in 500 mi 1xSSC, 1% SDS 30 min. at 42° C, and 
finsily in 500 mi O.1xSSC 1% SDS 60 min. at 65° C 
Membranes were exposed to Kadak X-OMAT AR film in an 
X-OMATIC cassette with intensifying screens. As shown in 
PIG. 3, a band was observed for PI11 callus at the expected 
position of 1.05 Kb, indicating that the HPT coding 
sequence was present. No band was observed for control 
callus. 

VI. Plant Regencration and Production of Sced 

PHi callus was transferred directly from all of the con- 
centrations of hygromycin used in the inhibition study to 
RMS medium which consists of MS basal salts (Murashige 
cial. 1962) supplemented with thiamine HC! 0.5 mef, 2,4-D 
075 mp/l, sucrose 50 pB/i, asparagine 150 mg/l, and Gelrite 
2.5 pf (Kelco Inc. San Diego). 

After 14 d on RM5 medium the majority of PHI and 
negative control callus was transferred to RS medium which 
is the same as RMT medium, except tha! 2,4-D is omitted. 
These were cultured in the dark for 7 d at 26° C. and 
transferred to a Hiaht regime of 14 bours light and 10 bours 
dark for 14 d at 26° C. Al this point, plantels that had formed 
were transferred to one quart canning jars (Bal!) containing 
100 ml of R5 medium. Plants were transferred from jars to 
vermiculite after 14 and 23 d. Plants were grown in ver- 
miculite for 7 or 8 d before transplanting into soil and grown 
io maturity. Atotal of 65 plants were produced from PH1 and 
a total of 30 plants were produced from control callus. 

To demonstrate thai the introduced DNA had been 
retained in the Ro tissue, a Southern blot was performed as 
previously described on Jeaf DNA from three randomly 
chosen Ro plants of PH1. As shown in FIG. 4, a 1.05 Kb 
band was observed with all three plants indicating that the 
HPT coding sequence was present. No band was observed 
for DNA from a control plant. 

Controlled pollinations of mature PH1 plants were con- 
ducted by standard techoiques with inbred lincs A188, B73 
and Ohd3. Seed was harvested 45 days post-pollination and 
allowed to dry further 1-2 weeks, Seed set varied from 0 to 
40 seeds per ear when PH1 was the female parent and from 
O to 32 seeds per car when PHI was the male parent. 

VU. Analysis of the R1 Progeny 

The presence of the hygromycin resistance trait was 
evaluated by a root elongation bioassay, an ellolated feaf 
bioassay, and by Southern blotting. Two ears each from 
regenerated PH1 and control plants were selected for analy-~ 
sis. The pollen donor was inbred line A188 for afl cars. 

(A) Root Elonpation Bioassay 
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Seed was sterilized in a 1:1 dilution of commercial bleach 
in water plus alconux 0.1% for 20 min. in 125 mi Erlenm- 
ever flasks and rinsed 3 times in sterile water and imbibed 
overnicht in stenle water containing 50 mg/ml captan by 
shaking at 150 mm 

After imbibitinn, the solution was decanted from the 
flasks and the seed transferred 1o flow boxes (Flow 
Laboratories) containing 3 sheets of H.O saturated germi- 
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coding sequence as described previously. Plants with a 1. 05 
Kb band present in the Southern blot were classificd as 
transgenic. As shown in FIG. 5, two out of seven progeny of 
PHI plant 3 were transgeflic as were three out of cight 
progeny of PHI plant 10. The blot results correlated pre- 
cisely with data from the bioassays, confirming that the 
heterologous DNA was transmitted through one complete 
sexttal life cycle. All data are summarized in Table 3. 


TABLE 3 


tlt tee llth bl ee aidididdddeintedde an ananasannanuaenadaaan TR 


ANALYSIS OF PH? RJ PLANTS 








PHI ROOT ERAF CONT. ROOT LEAF 
LANE ASSAY ASSAY BLOT VMTLANT ASSAY ASSAY BLOT 
33 + ND + 44 ” ND ND 
Jc ~ ND “ 43 - ND ND 
a - ND ~ 43 “ NB ND 
34 - ND - 44 - ND ND 
A$ - ND - 4§ - ND ND 
3.6 + ND + 46 “ ND ND 
3.7 - ND ~ 4.7 - ND ND 
24 - ND “ 
1%).J + + + 33 ~ ne ~ 
132 + + + $2 - ~ ND 
103 “ - NB 13 ~ “ ND 
1G 4 ~ - ~ 14 “ - ND 
105 - ” - 15 - - ND 
10.6 - - - 1.6 - - ND 
10.7 ” - ~ 3.7 ~ - ND 
10.8 ND + + 18 ~ - ND 








KEY: + « tranngenic, ~ » nontransgenic; ND » not done 


nation paper. A fourth sheet of water saluraied germination 
paper was placed on top of the seed. Seed was allowed to 
germinate 4 d. 


After the seed had germinated, approximately 1 cm of the 
primary root tip was excised from cach secdling and plated 
on MS salts, 20 g/l sucrose, 50 mg/l bygromycin, 0.25% 
Geirite, and incubated in the dark at 26° C. for 4 d 

Rools were evaluated for the presence or absence of 
abundant root bairs and rool branches Roots were classified 
as transgenic (hygromycin resistant) if they bad root hairs 
and root branches, and untransformed (hygromycin 
sensitive) if they had limited numbers of branches. The 
results are shown in Tabic 1. 

(B) Etiolated Icaf bioassay 


After the root tips were excised as described above, the 
seedlings of one PHI ear and one control car were trans- 


ferred to moist vermiculite and grown tn the dark for 5 d. At 


this point 1 mm sections were cut from the tip of the 
colcoptile, surface sterilized 10 seconds, and plated on MS 
busal salts, 20 g/l sucrose, 2.5 g/l Gelrite with either 0 
(control) or 100 mg/f hygromycin and incubated in the dark 
at 26° C. for 18 hr Each plate contained duplicate sections 
of each shoot. They were then incubated in a light regimen 
of 14 hours light 10 hours dark af 26° C. for 48 hr, and rated 
on a scale of from 0 (all brawn) to 6 {all green) for the 
percent of green color in the leaf tissue. Shoots were 
classified as untransformed (hygromycin sensitive) if they 
had a rating of zero and classified as transformed 
(hygromycin resistant) if they had a rating of 3 of preater. 
The results are shown io Table 3. 
(C) Southern Blois 


Seedling form the bioassays were transplanted fo sail and 
are growing to sexual maturity. DNA was isolated from 0.8 
p of leaf tissue after about 3 weeks and probed with the HPT 
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EXAMPLE Il 


The procedure of Example I was repeated with minor 
modifications. 
I. Plant Lines and Vissue Cultures 

The embryogenic maize callus line, AB12, was used as in 
Example 1. The line had been initiated about 18 months 
before the actual bombardment occurred. 
Hi. Plasmids 

The plasmids pBII221] and pHYGH described in Example 
IT were used. 
IH. DNA delivery process 

Callus was bombarded exactly as in Example} except that 
the DNA used in the tungsten/DNA preparations differed. 
All of the tubes contained 25 ul 50 mg/ml M-10 tungsten in 
waler, 25, ul 2.5 M CaCl, and 10 ul 100 mM spermidine 
free base along with a total of 5 ul 1 mp/ml total plasmid 
content. One tube contained only plasmid pBII221; two 
lubes contained only plasmid pH YGI1; and one tube con- 
taiaed no plasmid but 5 ul TE-1 (10 mM Tris-HCI pH 8.0, 
imM EDTA pH 8.0). 

The following bombardments were done: 





2x pBiZ2I prep 
7x pHYGH prep 
3x TE prep 


For transient expression 
Polential positive treatment 
Negative control treatment 





After all the bombardments were performed, the callus 
from the pBH221 treatments was transferred plate for plate 
to F medium as five 50 mg pieces. After 2 d the callus was 
placed into GUS assay buffer as per Example J, Numbers of 
transicatly expressing cells were counted and found to be 
686 and 845 GUS positive cells, suggesting that the particle 
delivery process had occurred in the other bombarded plates. 
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IV. Seiection of Transformed Callus 

After bombardment the callus from the pITYGI1 treat- 
ments was placed onfo round 1 selection plates, F medium 
containing 15 mef hygromycin, as ten 25 mp pieces per 
plate (different from Example I). ‘fhe same was done for two 
of the plates bombarded with the TE preparation (selected 
contro} callus). One plate of callus bombarded with the TE 
preparation was placed onto [' medium with no hygromycin; 
this callus was maintained throughout the ongoing experi- 
ment as a source of control tissue and was referred to as 
unselected control callus. 

After 13 d the callus on round 1 selection plates was 
indistinguishable from unselected control callus. All of the 
callus was transferred from round | selection plates to round 
2 selection plates containing 60 mg/l hygromycin. An 
approximate five fold expansion of the numbers of plates 
occurred. 

The callus on round 2 selection plates had increased 
substantially in weight after 23 d, but at this time appeared 
close to dead. All of the callus was transfered from round 2 
selection plales to round 3 selection plates containing 60 
me/l hygromycin. This transfer of all material from round 2 
to round 3 selection differs fram Example | in which only 
viable sectors were transferred and the round 2 plates 
reserved. 

At 38 d post-bombardment three live sectors were 
observed proliferating from the surrounding dead tissuc. All 
three lines were from plTYGI1 treatments and were desig~ 
nated 24C, SGA, and 55A. 

Afier 15 d on maintainance medium, growth of the Hines 
was observed. The line 24C grew well whereas lines 554A 
and S56A grew more slowly. All three lines were transferred 
to F medium containing 60 mp/l hygromycin. Unselected 
contro} callus from maintenance was plated to F medium 
having 60 mg/l bygromycin. 

After 19 d on 60 mg/l hygromycin the growth of line 24C 
appeared to be ealirely uninhibited, with the contro! show- 
ing approximatcly 80% of the weight gain of 24C. The line 
56A was completely dead, and the line 554 was very close. 
The lines 24C and 55A were transferred apain to F 60 mg/l 
hygromycin as was the control tissue. 

Afier 23 d on 60 mg/l hygromycin the Hine 24C again 
appeared entirely uninhibited. The linc SSA was completcly 
dead, as was the nepative control callus on its second 
exposure to to F 60 mg/l hygromycin. 

Al 88 d post-bombardment, a sector was observed pro- 
liferating among the surrounding dead tissue on the round 3 
selection plates. The callus was from a plate bombarded with 
pHYGIL aod was designated 13£. The callus was transferred 
to F medium aod cultured for 19 d. Portions of the callus 
were then transferred to (i) F media containing 15 mp/l 
hygromycin and (i) F media containing 60 mg/l hygromy- 
cin. Control callus was plated on F media with 15 mp/l 
hypgromycia. After 14 d of culture, the callus line 13E 
appeared uninhibited on both levels of hygromycin. The 
control callus appeared to have about 80% of the weight gain 
of 138. The callus lines were transferred to fresh media at 
the same respective levels of hygromycin. 

V. Confirmation of Transformed Callus 

A Southern blot was prepared from DNA from the Hine 
24C. As shown in FIG. 6, a band was observed for the line 
24C€ at the expected size of 1.05 Kb showing that the line 
24C contained the HPT coding sequence. No band was 
observed for DNA from control tissue. The name of the 
callus line 24C was changed to PH2. 

VI. Plant Regeneration and Production of Seed 

The fine 24C along with unselected contral callus were 

placed onto RM45 medium to regenerale plants as in 
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Example 1. Affer 16 d the callus was transferred to RS 
medium as in Example }. 


EXAMPLE IH 


The procedure of Example 1] was repeated exactly except 
that different plasmids were used. 


The plasmids pBH22] and pHYGH described in Example 
I were used as well as pMS533 which is a plasmid that 
contains the insecticidal Bacillus thuringiensis endotoxin 
(BT) gene fused in frame with the neomycin phosphotrans- 
ferase (NPTH) pene S' of the fusion gene are located 
segments of DNA frum the CaMV 35S and nopaline syo- 
thase promoters 3' from the fusion gene are segments of 
DNA derived from the tomato protease inhibitor } pene and 
the poly A region of the nopaline syothase genc 

Callus was bombarded exactly as in Example ! except that 
the DNA used in the tungsten/DNA preparations differed. 
Two tubes contained plasmids pHYGH and pMS$533 and 
one tube contained no plasmid but 5 ul TE-1 (10 mM 
Tris-HC] pH 8.0, ImM EDTA pH 8.0). 

The following bombardments were done: 

9xpHY¥GI1/pMS533 Potential positive treatment 

2 xTE prep Control treatment 

Afier bombardment the callus from the pHYGI1/pMS533 
treatments was placed onlo round 1 selection plates, F 
medium containing 15 mg/l hygromycin, as ten 25 mg 
pieces per plate. The same was done for one of the plates 
bombarded with the TE preparation (selected control callus). 
One plate of callus bombarded with the TE preparation was 
placed onto F medium with no hygromycin; this callus was 
maintained throughout the ongoing experiment as a source 
of control tissue and was refered 10 as unselected contro} 
callus. 

After 12 d the callus oo round 1 selection plates appeared 
to show about 90% of the weight gain of the unselected 
control callus. AH af the callus was transferred from round 
i selection plates to round 2 selection plates containing 60 
mg/l bygromycin as tco 30 mg pieces per plate. 

After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited All of the callus was 
transferred [rom round 2 sulection plates to round 3 selection 
plates containing 60 mg/i hygromycin. 

At 74 d post-bombardment a single viable sector was 
observed proliferating from the surrounding necrotic tissue. 
The callus line was from pHYGI1/pMS533 treated material 
and was designated 86R.. The callus line 86R was transferred 
to F medium. 

After 24 d the callus line 86R bad growa substantially. 
Portions of the callus were then transferred to (i) F media 
containing 15 me/l bygromycin and (ii) F media containing 
60 mg/l hygromycin. Control callus was plated on F media 
with 15 mg/l hygromycin. 

After 19 d of culture, the callus line 86R appeared to grow 
rapidly and was uninhibited on both levels of hygromycin. 
The control callus appeared to have only about 50% of the 
weight gain of 86R.. The callus lines were transferred to fresh 
media at the same respective levels of hygromycin to further 
test the resistance of the callus line 86R to bygromycin 


COMPARATIVE EXAMPLE A 


The basic procedures of Examples I~II] bave been 
attempted except varying the selection regime or the form of 
tbe callus. These other attempts, which are detailed in Table 
4 below, were not successful. Since they were not repeated 
several times, it is not known whether they can be made to 
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work. In all of the procedures, no viable sectors were 
observed. In the Table, “Sieved" indicates that the callus was 
passed through an 860 micron sieve before bombardment; 
the selective agent was hygromycin for each case except 
when pMXT1i was the plasmid and methotrexate the selec- 
Lion agent, 


TABLE 4 





Summary of Comparative Examp!e A 





Round Round Round Reund 
Recip. Recowv. l 3 = a 
Tissue Plasmids Period Level Period  Levet Period 
Clumps pCHN}-] 13 60 33 60 8) 
pan223 
Clumps pCHN)-3 14 109 a2 ve — 
pBIl22} 
Clamps plF¥YGI g 60 19 30 132 
pBilzz1 
Clumps pCHNI-1 f} 30 tte 60} 19 
pisi23 
Ciumps pMTXI] 8 3 103 — — 
pBH223 
Sieved PCHNI-1 33 -— — oe see 
pBII223 


Hevtrrrvrrrrrrrtererramrr 9 nassssahdy massssssssssssbsbbbbinlhdbhernerrrrrTrTrTrTTR Try Tw Py TT ussssssbthiententatAt TTT TF TikksbbbbbbhinbissiennwrRPRTPRTTTERAsibhi/bbbssubit Suen brrrrnthTNT WNT Fuisisisif 


What is claimed is: 

1. A process for producing a fertile transgenic Zea mays 
plant comprising the steps of (i) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
wherein said DNA comprises at least a screenable marker 
gene, (1) selecting a population of transformed cells 
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expressing the sclectable marker gene; and (iii) regenerating 
a fertile (ransgenic plant therefrom, wherein said DNA is 
expressed so as fo impart glyphosate resistance to said 
transgenic plant and is transmitied through a normal sexual 
cycle of said transgenic plant to progeny plants. 

2. The process of claim 1 wherein the fertile transgenic 
Zea mays plant is regenerated from transformed embryo- 
genic tissuc. 

3. The process of claim 1 wherein the cells are derived 
from immature embryos 

4 The process of claim 1 whercin said DNA encodes an 
EPSP synthase. 

S. The process of claim 1 further comprising obtaining 
transgenic glyphosate resistant progeny plants of subsequent 
gencrations from said fertile transgenic plant. 

6. The process of claim 5 further comprising obtaining 
seed from one of suid progeny plants. 

? A process for producing seed comprising: 


(a) providing a fertile transgenic Zea mays produced by 
the process of claim 1, plant comprising heterolozuus 
heritable DNA that is expressed so as to impart gly- 
phosate resistance !o said transgenic Zea mays plant; 

(b} cultivating said transgenic Zea mays plant; 

(c) obtaining seed from said cultivated Zea mays plant, 


8. The process of claim 7 wherein the DNA encodes an 
EPSP synthase. 
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THIS EXHIBIT HAS BEEN 
REDACTED IN ITS ENTIRI 





